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TriCTs A review has been mecde of the published information regsrding the
resction of titanium and titenium 2alloys with liguid and gessous
oxygen, Hesults of tests conducted at Asironautics at an earlier date

v ere in agrcement with those of cther investigstors. Titanium must
be clasced as "impact senszitive" to liquid oxygen sccording to the
tEMietype compressive impact test. However, on the baeis of somewhat
move practical teste conducted both at fsironesutics and elsewhere,
whichk simulste more closely the conditions of service in a mirsgile
propeliant sysiem, it must be concluded thet titanium =nd its ellcys
may be usec saTely ‘in such systems, This includes conditione of
precsure and prescure surges, rapid flow, uce of guickeacting
valves, scourrence of accidental damege, rupture, gtc. Igniticn
of the titenlum-oxyg:n reaction is not spontenecus. It reguires that
reveral unique gonditions muet be met 2t sprroximstely the same :
instant., These conditions do oceur in the comprereive impsct test for
both titenium and alumirur (the latter is used regularly for liguid |
oxygern service) but sbould not occur in the liquic oxygen system of
liguicefueled misriles.
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SUEJECTy  Couputisility of Titaniur znd Titanium Alloys With Liquid and
Gaseous Oxygern in Missile Propellant Systems.

NTEODUCT JOHs

Consiusrable atientlon baes beern focuseé upon the re-otivisy of titenium wish

oxygen during the peot twe years. As z resuli of two ingiances of avparent
zensitlvity wiich occcurred iz 195¢ (ai lorth fmerican~Focketdyne and =t

‘erojetmCaneral) investicaticns aove been carriec oot bty 3 number 2f companies

anoc reoseqreh inetltutlons in orcer to dotormine the conditions necgssary for

tfe reactlion %o cccur, anc trersby, te more clearly cefine the extent of

Co tiﬁl&ityc

Moet of the datea gemerated o dote bnwe reculted fron compreesive ‘Mp*** teste

luch tesis wsre concuctec at Gerersl uynam.cm/ stronautics end st lerojete
n-rsl, EBattelle, ARMd, Mortin-Denver, WADD Propulsion Laboretery, North

‘mericarn Rocketdyne, and Reaction notcrs. General Evnamicg/hctronguticv

alss conducted two aduitionsal types of tests: (a) diaphrem puncture tects

in L0y, anc (b) surge tests using gaseous 05 2t 65 psip, Other pertinent
taetc, 28 describedg briefly oelow, vere done by severzl of the companies
~antisned,

In view of the wicesiread interest in the recction sencitivity of titzriorn in
cerelus ~nd ligule axyéen the Delense Metzals Informetion Center at Settelle
n2s eollected the available facts =nd published several recorte (gee lisit of
ref'ercnces) which summsrize ihe work to dzte,

.

The North American and ferojeb-Genmeral incidents referred to above could not
te fully expl=ired. In both cases Ti=LO; reaciions wers reported to have

ccurred when the tests were unattended., IHence, the conditions which initiated

the reactlion are not known.

Although 1t is felt thst not all of the fscts heve been fully esteblished
regarding this inportant subject, snd that further investigative work ie

warranted, neve:rtheless there appeare to be §ubcetantial sgreexent on the follova

ing conelucsionas

.

1. Under certain conditions of CO“pres sdve fmponst titenium and its slloys
Le macue to resct violently with liguid or gaseous oxygen, The re-ction ie

>Xyren is entirely coneamed,

of this %inm g ot senslitivity® titeniun msy be used with a nigh
eiTes ol rcxfeby 1o liguic oxXypen sycstems when due enre =né .reczution

exnihermic and in some Lnstancee it mey proceed until either the titenium’.
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are exercised, TFor exam.le, foreign rarticles, grease, etc., whi:h can
themselves resct with L0z, and thersby mipht initinste reacticn of titanium
with 10, must be scrupulously excluded, It may be pointed out that the same
cleanligess precautions are required where other metals are concernea in 102
systemg, egince under sone eocnditions all metals may be made to burn in 10s.
Aluminur, vwhich is used in meny liquid oxygen systems (Titen Missile tanks,
Aitlas anti-slosh baffles) displays liquid oxygen "impact sensitivity" when
tested in comprescive inpact in s manner similsr tc that of titaniuvg.

3. The titsniumeliquid cxygen reaction 1& not sponteneour, and several
conditions muct be met st approximstely the czsme instapt in order to initli-te
and propasgate the reacticn. Termel conditions of contect of titanium enc
iiguid oxygen, whether cstetlc or dynemic, =re rot sufflclent to initiste the
reaction,

i
H

4e Test conditilons other than comprescive impect hovs not resulted in r==ction,
The claphrzm puncture teetc corducted at Gemersl Dymerics/istronautics ard
slsewnere (eee references 1, 2, 3 and 6) demonstrated that titsniam, aluminum
end similer "impact censitive® meterisls cculd be ruptured while in contact
with liguid oxygen without occurrence of reaction, Similar rupture teaste were
conductea at [attelle with the same result, Tensile rupture teste in liquid
oxygen at slow frezeture rates =znd st rapid ratee vere 2leso ccnducted at !
Battelle, Titanium Metals Corporation, Aerojet~Gemeral, and Mertin, In each
case 1t was demcnsirated thzt formstion of a fresh, unoxidized surface in the
presence of liguid oxygen is not suificient to promote reaction. In some
instances & flash of light was reported, bui there was no evidence of burning
on the fracture surfasces. Similar tensile fracture teoste were conducted in
gaseous oxygen =zt Battells and at Stanford Resesrch Instityte. Reaction
dccurred apon f{racturing the sample.only when the oxygen was present under &
pressure of spproximstely 300 psi or greater,

e Experlments with high L0, pressures at tattelle, such as those genersated by °
& water-hammer typs of impact, did not initiste rcaction. Similer results wers |
obtsined when a 4% dianeter titanium tube filled with 1O was smashed by s i
66 ft-1b impact, It was also shown that L0y oculd be fofced through s small |
hole in a titeniun sheet specimen at 2 velocity estimated to be several thousand.
ft/see without oceirrence of the titanium-oxycen riaction. The gaseous oxygen |
surge tests at Genersl Dymamics/Astromautics also demonstratec thet materials
that were judged "impact eensitive" by the L0, compressive impact test could, -
agverthelese, te subjected to a gsseous oxygen pressure surge of O to 65 ;
pslg vithout reaction, -

€. Most of the work deecrived in the refercnces was done with either unalloyed |
titanium or with Tie541-2,50n alloy, It msy reasonably be essumed thet all of
the titanium slloys will bahave in a similser manner.

7. Results of the various experiments reviewed by the Defense Metals Infcrmatioé
Center hes provided 2 basis for 3z plausible egplanation of the mechanism of j
tie Ti-LO, reaction, 28 followssy

!
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a. Initiation of the reesction requires an input of high, local energy

such that the temperature of the remctanis can reach some high threshold
value 2t the local areaj

b, the reactlion proceeds only when the oxygen 1s in the gaseoue condition;

but, of course, this mey be reacily generated, as by the highly localized
heat of compressive impacty

c. the gaseous oxygen, present or generszted on the surface by the heat
of impect, nurt be comprecsed end brought into intimate contsct with
the titanium surface;

d, 4the force which Eeneratee the heat, i.,e, compressive impact, nust

elsoc expoce & freshk, unoxidized surface on the titanium which can then
react with the compressed gasecus cxygen,

Thus according to this explanation, several coméitions aust be met 3t aoproxe |
imetely the sams instant to initlzate and propagate the titanium.liquid oxygen |
reaction. These conditions are met in the ARMA-iype compressive impact test, i
but are not met in the several other somewhat more prectiesl tests conducted, |
It ==y be noted, too, that presence of grit, foreign material, reugh suriaces,

ete, would 4§ncresse “lmpsct sensitivity" by ereating the condition for high
locel friction to initiate the reaction, as explained above,

SUMMARY
By wey of summery, then, the following roints mmy be cited.

i
§
i
f
H
|
{
i
H
1
1

1. Titemfum and its alloys (ani also sluminum alloys) may bes classed as ‘
licuid oxygen impzot sensitive according o the ABMA-type compressive impact §
tlest'c i

2, iitanium may be used safely in liquid oxygen systems under the usual
conditions of clesnliness, which excludes the pressnce of ecombustidle materials,

3. Titanium may be fractured in the presence of 10y without reaction,

- P | —. . NB LD
he Titanilum iz sultabls for nomml ditions of conmimci with liouid or

Co
g2seous oxygen in missile systems, This includes conditions of pressure
snd pressure surces, rapid flow, use of quick acting valves ete,

5. Accldental damage due to externsl impact sgainst titanium 10; tenks, ducts, |
tubes, ete., should present nc grester hazard than in the c3se of similsr
eccldenis Lo aluminm or 3tainless steel systems. |
6. Initiztion of the Ti-10. reaetion iz not spontaneous but, rather, recuires
thet severa]l unicue conditidns must be met at spyroximutely the same instant, !
Thece conditions 40 oceur in the compressive impact test (.3MA-type), but
should not occur ir the iiculd oxygern missile system. >
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